Learning objectives
To illustrate the normal and abnormal findings of ACL graft reconstruction.
To illustrate the causes of graft failure.
To demonstrate early and late complications of ACL graft reconstrustion. To describe in breif regarding the management of these complications.
Background
Anterior cruciate ligament (ACL) tear is the most common cause of internal derangement of knee. ACL reconstruction is also a common surgery performed by arthroscopic surgeons. In the present scenario of sports medicine; radiologist needs to be aware of the critical details of this commonly performed surgery.
Anterior cruciate ligament (ACL) tear is the most common cause of internal derangement of knee. Anterior cruciate ligament deficiency leads to early osteoarthritis and in high performance athletes it is a must to replace the torn ACL in the view of loss of function. Anterior cruciate ligament arises from the posteromedial corner of medial aspect of the lateral femoral condyle in intercondylar notch and inserted into lateral aspect of the anterior tibial spine in the anterior interspinous area of tibia. On MRI normal ACL appears as a linear hypointense structure on all sequences in its anatomical location. Focal hyperintensity with loss of continuity signifies anterior cruciate ligament tear (1) .
Anterior cruciate ligament graft is can be harvested from two sites namely; patellar tendon and hamstring muscle. Semitendinosus is the most common hamstring muscle used for ACL graft as the muscle is thin, sleek and can easily removed from its attachment. However the extraction and subsequent folding and braiding of the graft into quadruple thickness strand requires skill and experience (Fig. 1 ). This graft is also known to slip as there is no bone attachment at either ends. In the patellar tendon bone graft, the mid segment of patellar tendon with a small bony fragment from both ends are extracted and then used for ACL reconstruction (Fig.2,3 ). This is the most common site for ACL graft extraction as the graft extraction is relatively easy and efficient. However this site is also prone to more complications such as patellar tendon tenderness and anterior knee pain (2) .
The next important step is ACL grafting is positioning of tibial & femoral bony tunnels. Aim of this procedure here is to maintain adequate tension & length of the ACL graft on all range of knee motions so as to mimic a native anterior cruciate ligament. Such a graft with adequate tension & length is referred to as isometric graft.
Three positions of anterior cruciate ligament are described in literature namely; anterior, isometric and over the top position (3) . In anterior position is located slightly anterior to the isometric position with a slightly oblique orientation. This type of tunnel placement leads to increased tension of graft on flexion which leads to premature graft failure. Over the top position is a slight posterior position in relation to the isometric graft. This type of tunnel placement leads to excessive tension on extension which is also not ideal. The tibial tunnel should be positioned parallel to the slope of the intercondylar roof as on sagittal image. (Fig.2) showing a small defect in the inferior pole of patella(thick arrow) at the site of graft extraction. 
Imaging findings OR Procedure details
Radiological evaluation of a patient with ACL graft starts with a radiograph of knee (Fig.  4 ,5). The radiograph serves as a baseline for further evaluation of patient. Radiographs display the type of orthopedic hardware used in the reconstruction (4) . Each orthopedic surgeon is comfortable with a particular type of hardware to fix the ACL graft; some surgeons use an endobotton at the femoral end, others use a screw within the tunnel. A plain radiograph resolves all these issues and also can asses any hardware failure in the form of fractures or displacement of these screws.
ACL GRAFT FAILURE:
Causes of early graft failure(< 6 months).
1. Poor surgical technique-abnormal tunnel placement, roof impingement.
2. Failure of graft incorporation-complete and partial tears.
Errors in rehabilitation -complete & partial tears.
Causes of late graft failure: (>6 months).
New trauma.
MRI is the next imaging modality of choice. Failures of ACL graft reconstruction may be classified as early and late failures (5) . Early failures are one happening within 6 months of ACL reconstruction. Late failures are the one occurring after 6 months. Causes of early failures include poor surgical technique, failure of graft incorporation or errors in rehabilitation. Poor surgical technique which leads to graft failure include abnormal placement of tibial tunnel. This leads to excessive tension on the graft ACL subsequently leading to graft impingement. Graft impingement is seen as a focal indentation in femoral surface of the graft ACL at the femoral tunnel coupled with abnormal signal and posterior bowing (Fig. 6 ).
On MRI abnormal tunnel placement is interpreted on sagittal images. A tangential line is drawn along the femoral intercondylar roof upto the anterior aspect of the tibial surface (6) . If the ACL graft is located anterior to the line, this represents an abnormal tunnel placement (Fig. 7) .
Ligamentization of the ACL graft: ACL Graft is known to have abnormal areas of hyperintensity within the fibers. This is a normal process of ligamentization of the graft which is extracted from the muscle which should not be interpreted as a tear (7) . On MRI this appears as focal hyperintensity within the graft fibers (Fig. 8) .
Partial ACL graft tear: partial graft tears are secondary to many conditions. In first 6 months it could be secondary to abnormal tunnel placement. This could be also secondary to trauma. The person with ACL graft continues to engage in active sports in the early days without proper rehabilitation (8) . On MRI partial graft tears appear as focal hyperintensity within the graft with partial preserved continuity of some of the fibers (Fig. 9) .
Complete ACL graft tear: complete tears are secondary to recurrent stress on the abnormally positioned graft or due to trauma. On MRI complete tears on ACL graft appears same as the one on native ACL. There is diffuse hyperintensity with complete loss of continuity of the graft (Fig. 10,11) . A repeat arthroscopy is a must for complete tears. The graft needs to be freshly harvested from another site and reconstruction done again after excising the torn previous graft (9) .
Arthrofibrosis: arthrofibrosis is also called as cyclop lesion. It is a condition where the knee joint motion is restricted secondary to scar tissue which may be as a result of trauma or surgery. Arthrofibrosis is mostly a clinical diagnosis based on fact that patient is unable to extend his knee completely. In ACL reconstruction, the localized arthrofibrosis is usually seen in the anterior intercondylar region and is usually seen within 6 months of ACL reconstruction (10) . MRI imaging is done to look for cause of limited flexion. On MRI the cyclop lesion appears as focal area of T1 & T2 hypointensity along the anterior intercondylar region (Fig. 12,13) . In severe cases this may encase the entire joint including the supra & infra patellar bursa. Cyclop lesion found on MRI needs to be excised on arthroscopy in order to relieve the limited flexion (11) .
Meniscal tears: meniscal tears are unrelated to the ACL reconstruction. Meniscal tears are included in this study just to demonstrate that all other intra articular structures also needs to be evaluated in an ACL reconstructed knee. This is usually secondary to twisting injury (12) . We found one such patient with bucket handle tear of medial meniscus. On MRI we could demonstrate a double PCL sign on sagittal image, meniscus fragment on axial image (Fig.14,15 ). Meniscal tears found on ACL reconstructed knees needs to be excised on arthroscopy.
Tunnel cysts: Tunnel cysts are produced due to extension of the synovial fluid into the bony tunnel. This may be secondary to incomplete incorporation of the ACL graft into the bony tunnel. Tibial tunnel cysts are much more common than femoral tunnel cysts (13) . On MRI the tunnel cysts appears as oblong fluid collection along the tibial tunnel with a small swelling formed at the tibial site of graft due to subcutaneous extension of the fluid (Fig. 16,17) . Tunnel cysts found on MRI needs to be explored surgically. Arthroscopic treatment of the tunnel cyst includes excision of the cyst and then packing of the channel with cancellous bone so as to seal off the water channel.
Iliotibial band friction syndrome: This is a mechanical complication caused by transfixed devices. This complication is seen with hamstring graft. The femoral fixation devices placed adjacent to the lateral condyle may press upon the iliotibial band resulting in its frictional thickening. This presents as dull aching pain along the lateral aspect of the knee. On MRI, there is focal area of thickening seen along the site of friction in the iliotibial band (Fig. 18,19,20) . Treatment of iliotibial band friction syndrome essentially includes removal of this implant (14) .
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Images for this section: (Fig. 9) showing thinning of the ACL graft(arrows) suggestive of partial tear. (Fig. 10,11) showing complete disruption in the mid segment of the reconstructed ACL (arrows).
Fig. 11:
Complete ACL graft tear: Consecutive T2 sagittal images (Fig.10,11) showing complete disruption in the mid segment of the reconstructed ACL (arrows).
Fig. 12:
Arthrofibrosis: T2 sagittal image (Fig. 12) showing a focal hypointense lesion in the anterior intercondylar region (thick arrow). (Fig.15) showing the bucket handle fragment(thick arrow) of the medial meniscus(arrows) lying in the intercondylar region. (Fig.17) showing extension of the fluid collection into the pretibial soft tissue (thick arrow).
Fig. 18:
Iliotibial band friction syndrome: consecutive T2 coronal images (Fig.18,19) showing hamstring graft (arrows) placed using transfix device (arrowhead). (Fig.19) showing hamstring graft (arrows) and a focal thickening in the iliotibial band (thick arrow) at the site of transfix device(arrowheads). 
Conclusion
ACL grafting is a commonly performed surgery by arthroscopic surgeons. Knowing the normal findings and complications helps the radiologist in making proper assessment of the graft which in turn helps the arthroscopic surgeon in better management of the complications. 
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